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Creep-Induced Microstructural Evolution and Ultrasonic Characterization in a 
Nickel-Based Super-Alloy 
Toshihiro OHTANI 
Abstract: 
We studied microstructure changes of a Nickel-based super-alloy (Waspaloy) subjected to a tensile stress at 
1073 K. We monitored the shear-wave attenuation and velocity using electromagnetic acoustic resonance 
(EMAR) The attenuation peaks 35% and 40% of creep life, being independent of applied stress. A drastic 
change in dislocation mobility and arrangement interrupted this novel attenuation phenomenon, as supported 
by SEM and TEM observation. The relationship between attenuation change and microstructural evolution 
can be explained with the string’s model. EMAR demonstrates a potential for assessing damage advance and 
predicting the remaining creep life of metals.  
KEY WORDS : Creep damage, Ni-based super-alloy, EMAR, ultrasonic attenuation, non-contact evaluation, 
dislocation. 
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Table1. Chemical composition of Waspaloy [wt%]
Fig.1  Specimen geometry 
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Fig.2 Structure of shear-wave EMAT 
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Fig.4 The relationship between the creep 
strain and the attenuation coefficients for 
160, 150 and 140 MPa at the 11th 
resonant mode in Interrupted test. The 
rupture lives are 480.9 h for 160MPa, 
518.9 h for 150MPa and 1024.5 h for 
140MPa.
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Fig.3 The frequency dependence of the
attenuation coefficient, ?, in Interrupted test
(1073 K, 140 MPa). The polarization is 
parallel to the stress direction. Solid marks
are the data of the reference sample and the
open marks are for crept sample. The
rupture life is 1024.5 h.
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Fig.5 The relationship between ????V/V0,
creep strain, and the life fraction, t/tr, at 
the 11th resonant mode under 140 MPa in 
Interrupted test.
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Fig.6 The creep strains reached versus 
times in Continuous test (140MPa, 
1073K).
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Fig.7 The relationship between creep 
strains versus the attenuation coefficients 
at the 5th, 8th, 11th resonant modes in 
Continuous test.  The polarization is 
parallel to the stress direction.
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Fig.8 The creep strain reached versus 
estimated life fraction in Continuous test
(140MPa, 1073K).
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Fig.10 The relationship between?????V/V0,
creep strain, and t/tr, at the 11th resonant 
mode under 140 MPa in Continuous test.
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Fig.9 The relationship between the
attenuation coefficients of the 5th, 8th
11th and 14th resonant modes and the
estimated life fraction in Continuous test
(140MPa, 1073K).
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Fig.11 Optical micrographs (a) before creep 
and (b) at t/tr=0.6 in Continuous test 
(140MPa, 1073K).
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Fig.12 Change of the average grain size as
creep progress in Continuous test (140MPa,
1073K).
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Fig.13 Scanning electron micrographs
(SEM) (a) before creep and (b) at 
t/tr=0.5 in Continuous test (140MPa, 
1073K).
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Fig.14 Change of the average diameter and
number density of ?’ phase as the creep 
progress in Continuous test (140MPa,
1073K).
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Fig.15 Transmission electron micrographs (a) before creep and at (b) t/tr=0.23, (c) t/tr=0.5 and (d)
t/tr=0.88 in Continuous test (140MPa, 1073K).
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